INTRODUCTION
Poorly differentiated endocrine carcinoma (PDEC) is a poorly differentiated neoplasm with an aggressive biological behavior and a very negative outcome (1) . The morphologic diagnosis of PDECs relies on the recognition of a proliferation of highly atypical cells, varying in size from small to large, showing a prominent mitotic and apoptotic activity and, frequently, large areas of necrosis. The immunohistochemical analysis of general endocrine markers in neoplastic cells is crucial for the differential diagnosis of a PDEC as opposed to other nonendocrine poorly differentiated carcinomas. PDEC of the lung, including both small cell carcinoma and large cell neuroendocrine carcinoma, is by far the most common type of PDEC, representing up to 20% of lung epithelial malignant tumors (2) . However, PDECs can arise with the same morphologic features in virtually all body sites (3), sharing various features with lung PDECs such as the association with cigarette smoking, a similar tumor biology and an apparent chemosensitivity.
Extrapulmonary PDEC has been increasingly recognized as a distinct nosologic entity, although it still represents a diagnostic and therapeutic problem and is often confused with metastatic lung PDEC (4 -7) . In clinical practice, extrapulmonary PDEC is currently treated in a similar way to lung PDEC and it has been shown responsive to commonly employed radiotherapeutic and chemotherapeutic regimens. However, like its pulmonary counterpart, clinical and pathologic remission is short-lived and the outcome remains very poor, with an overall survival of a few months (6, 8) .
The histogenesis of PDECs is still controversial. One hypothesis is that the clinicopathologic similarities of these tumors may reflect a common cell origin, presumably from a multipotent cell of the diffuse endocrine system. This model suggests a common ancestral cell derived from neural crest which migrates to various epithelial sites throughout the body. However, embryologic evidence for this hypothesis is lacking (3, 4) . An alternative hypothesis is that the cell of origin is an endodermally derived stem cell that can result in endocrine and exocrine differentiation (3, 4) . This would account for the frequent admixtures in these tumors of cell types with multilinear differentiation and for the existence of rare mixed exocrine/ endocrine tumors where an adenomatous and/or carcinomatous component is associated with a PDEC. In these mixed tumors, a close genetic relationship between the endocrine and the exocrine components has been shown, supporting the hypothesis of a common pathogenetic mechanism for PDECs and carcinomas from the same site (9 -11 ). An immediate consequence of this hypothesis is that PDECs, despite similarities in histologic appearance, may be characterized by specific tumorigenic mechanisms and unique patterns of genetic alterations depending on the primary site of the tumor.
At the molecular level, there is little information about the genotypic profiles of extrapulmonary PDECs, largely because of the relatively low frequency of these tumors (9, 10, 12 -14) . By contrast, intensive research on a large number of small cell lung cancers has shown very complex karyotypes with multiple numerical and structural chromosome aberrations indicative of a high degree of chromosome instability (CIN; refs. 15, 16) . Despite the complexity of these alterations, recurrent chromosome gains and losses have been identified by modern cytogenetic and molecular techniques (17, 18) . In agreement with the current body of literature, extensive 3p deletions have been described as a typical alteration in lung PDECs (19) , whereas the same observation has not been shown in very small series of extrapulmonary PDECs (20) . In addition, losses of 17p, 5q, 10q, 16q and gains of 1p, 3q, 14q have been identified as very frequent chromosomal alterations in lung PDECs (17) .
The aim of this work was to carry out a microallelotyping analysis of a well-characterized series of PDECs of different sites to identify distinct patterns of genetic abnormalities with respect to the primary site of the tumor and to provide molecular markers of potential diagnostic or prognostic value. Moreover, for a selected group of PDECs, the resulting allelotypes were validated by interphasic fluorescence in situ hybridization (FISH) to examine the relationship between allelic imbalance (AI) and numerical chromosome abnormalities both in chromosome-stable and chromosome-unstable karyotypes.
MATERIALS AND METHODS
Patients and Samples. Thirty-six PDECs were obtained with informed consent from 36 patients who had undergone surgical or endoscopic resection. The cases were selected from the files of the Pathology Department of the Varese Hospital, which is the referral institution for a population of >200,000 individuals. A total of 857 PDECs over a period of 20 years were found, representing 4.2% of all malignant epithelial tumors of the sites analyzed, with a range comprised between <0.1% in the colon and the stomach and >14% in the lung. The PDECs were included in the study considering the availability of the normal samples of each patient and the quality of the extracted DNA (recent cases were better preserved).
The clinicopathologic features and the primary sites of the tumors are reported in Table 1 . The diagnosis of PDEC was determined using histopathologic criteria and cell marker analysis according to the WHO criteria (1) . The size of the primary tumors, the occurrence and the location of the metastases, the presence of necrosis and vascular invasion, the cell size and the mitotic index (number of mitotic figures in 10 high-power field Â400) were recorded for each case. Follow-up data were collected by contacting clinicians and/or by consulting the Tumor Registry of the Lombardia region (Italy). Immunohistochemistry for the detection of general endocrine markers (synaptophysin, neuron-specific enolase, PGP9.5, and CD56), Ki67 antigen, and p53 was done as previously described (11) .
Allelotyping PCR. Normal and tumor DNA of all 36 patients in Table 1 were obtained from archival paraffinembedded specimens after a manual microdissection to enrich the neoplastic cellularity of at least 80% in all tumor samples (11) . All 36 PDECs were allelotyped using a panel of 57 polymorphic markers covering a total of 26 different chromosomal regions ( Table 2 ). Thirty of these markers are physically mapped near known TSGs or loss of heterozygosity regions reported as critical in endocrine tumorigenesis (1pq, 3p, 5q, 6q, 11pq, 17p, and 18q; ref. 14) . Furthermore, all tumors were analyzed for AI on chromosomal arms 3q, 4pq, 5p, 7pq, 8pq, 10pq, 17q, and 18p using one or two microsatellite markers per arm to provide highresolution allelotypes and to extend the analysis to chromosomes often involved in exocrine tumorigenesis (21 -23) .
Primers for amplification were obtained according to published sequences (http://www.gdb.org). PCR and post-PCR analysis were carried out under previously published conditions (11) . An allelic imbalance, suggestive either of an allelic loss or gain, was scored by the ratio of relative allelic peak height in the tumor DNA to relative allelic peak height in the corresponding normal DNA (14) . For each tumor allelotype the fractional AI (FAI) was calculated by the number of chromosomal regions having AI (AI at one or more markers within the same region were considered as unity), divided by the total number of informative chromosomal regions among the 26 analyzed ( Table 2 ). The percentage of AI was calculated by the number of tumors showing AI in each chromosomal region (AI at one or more markers within the same region were considered as unity) divided by the total number of informative cases in that region.
Confirmation of Allelic Imbalance Data by Interphasic Fluorescence In situ Hybridization on Selected Cases and Criteria for Fluorescence In situ Hybridization Aneusomy. The allelotyping results were confirmed by interphasic FISH on eight PDECs (cases 3, 5, 10, 13, 18, 29, 34, and 35 in Table 1 ) using a panel of alpha-satellite DNA probes specific for chromosomes 1, 3, 6, 11, 17, and 18 and a probe specific for the p53 gene on 17p13. The selection of the cases for FISH analysis was based on the tumor allelotypes to include both high FAI (cases 3, 5, 10, 13, and 18) and low FAI PDECs (cases 29, 34, and 35). Interphasic FISH was done according to the protocol reported by Chin et al. (24). The alpha-satellite probes for chromosomes 1 (D1Z1), 3 (D3Z1), 6 (D6Z1), 11 (D11Z1), 17 (D17Z1), 18 (D18Z1) labeled with Spectrum Orange or with Spectrum Green (CEP, Vysis, Abbot Diagnostics, WiesbadenDelkenheim, Germany) were used to evaluate chromosome aneusomy. The chromosome 17p13(p53)/alpha-satellite 17 cocktail dual color -labeled probe (Q-biogene, Illkirch Cedex, France) was used for the detection of copy numbers of the p53 gene.
FISH signals were counted with a Leica DMRA microscope equipped with single-and triple-band pass filters. Images for documentation were captured using a Hamamatsu Chilled CCD Camera and processed by the Image ProPlus software (Immagini e Computer, Milan, Italy).
To ensure a representative sample and to permit an assessment of the extent of tumoral heterogeneity, the hybridization signals for each probe were counted in 200 to 300 interphasic nuclei from at least three separate areas of the tumor selected for well-preserved cellular and nuclear morphology. The total percentage of nuclei containing 1, 2, 3, 4, and z4 signals was determined for each chromosome using the criteria reported by Celep et al. (25) .
Some artifactual gain and loss is to be expected when working on paraffin-embedded tissues, even in normal tissue. Therefore, a total of 10 histologically normal specimens from the lung, stomach, colon, and reactive lymph nodes were analyzed and the results obtained were used to establish the cutoff values for the definition of true gain and loss in tumor samples (one-tailed 99% upper tolerance limit). The cutoff values for chromosome loss (monosomy) pertaining to chromosomes 1, 3, 6, 11, 17, and 18 were 24.8%, 33.3%, 45.1%, 15.1%, 35.5%, and 28.4%, respectively. The cutoff values for chromosome gain pertaining to chromosomes 1, 3, 6, 11, 17, and 18 were 6.1%, 6.6%, 1.8%, 11.2%, 2.1%, and 7.3%, respectively, for trisomy and 0% for all chromosomes for tetrasomy and hypertetrasomy. We increased the cutoff value for tetrasomy and hypertetrasomy to 1% for all chromosomes to avoid misinterpretation. After defining the cutoff values, the following criteria were used to classify the tumor samples: (a) an abnormal monosomy, trisomy, tetrasomy, or hypertetrasomy required a percentage of nuclei showing one, three, four, and more than four signals greater than or equal to the defined cutoff level; (b) a tumor was classified as aneuploid if at least one abnormal monosomy or trisomy or tetrasomy was found at one or more chromosomes; (c) a tumor was classified as triploid (tetraploid) if the autosomal average of the percentage of nuclei with three (four) signals was z10% (25, 26) .
Statistical Analysis. The statistical analysis was done using Fisher's exact test, the v 2 test with Yates' correction, the The survival analysis was done by employing the KaplanMeier product limit estimate of probability of survival against time, producing a product limit survival curve for each of the following variables: size of the primary tumor, presence of metastases, tumor necrosis, Ki67 index, mitotic index, and percentage of allelic imbalance. For each survival curve, the relative risk of failure associated with being in the poor prognostic group and the results of the standard Mantel Haenzel log-rank test were calculated. For all the survival analyses, the program Survan XL, version 1.14 (copyright 1995-1997) was employed.
RESULTS
Clinicopathologic Findings. The group of patients consisted of 26 men and 10 women, with a mean age of 64.4 years (range, 37-86). The PDECs were located in the lung in six cases; the stomach in seven; the colon-rectum in 10; the bladder in three; the esophagus, the prostate, and the skin in two cases each; and the gallbladder, the pancreas, the endometrium, and the parotid gland in one case each. The stage of the disease was determined in 31 cases in which the clinical record was complete. Six tumors were confined to the primary site (stage I), 16 had loco-regional lymph node metastases (stage II) and nine had hematogenous metastases to the liver or lung (stage III). The mean size of the tumors was 4.6 cm (range, 0.4-14 cm).
Microscopically, all the tumors were composed of highly atypical cells growing in solid nests or, more rarely, in sheets. Cell size was small in seven tumors, intermediate in 26 (with scattered large cells in nine of these tumors) and large in three. Areas of necrosis were observed in 28 PDECs, ranging from <10% (+) to 10% to 30% (++) to >30% (+++) of the tumor mass. Invasion of vascular spaces was found in all tumors except one Merkel cell carcinoma of 0.8 cm in size. The mean number of mitoses was 101.5 Â 10 high-power field (range, 33-219) and the mean Ki67 index was 55.5% (range, 15-71%).
It is of note that none of the clinicopathologic variables considered was related to the primary site of the PDECs, as none of the statistical tests gave significant results.
Molecular and Cytogenetic Profiles of Poorly Differentiated Endocrine Carcinomas. Fifty-seven microsatellite markers covering a total of 11 autosomes were investigated in a series of PDECs using standardized fluorescence-based methodology and apparatus. The comprehensive results of the allelotyping analysis together with the FAI of each tumor and the percentage of AI at each chromosome region are shown in Fig. 1 .
The molecular profiles of PDECs showed a high degree of AI often involving extensive regions of the chromosome or entire chromosomes. The average FAI was 0.49, but a significantly higher mean FAI was observed among PDECs of the lung, esophagus, stomach, pancreas, parotid gland, and prostate compared with PDECs of the colon-rectum, gallbladder, bladder, endometrium, and skin (0.61 versus 0.36; P < 0.001). Very low FAI values (range, 0-0.25) were observed in only five cases including two Merkel cell carcinomas, one colorectal, one bladder and one endometrial PDEC (cases 34, 35, 15, 29, and 33, respectively, in Fig. 1 ).
Interphasic FISH for the autosomes 1, 3, 6, 11, 17, and 18 showed numerical aberrations of one or more chromosomes in all eight PDECs analyzed (cases 3, 5, 10, 13, 18, 29, 34, and 35 in Fig. 1 ). These cases were selected with the aim of confirming the allelotyping study and included PDECs exhibiting both high FAI values (cases 3, 5, 10, 13, and 18) and very low FAI values (cases 29, 34, and 35). The comprehensive results of the FISH analysis are shown in Fig. 2 .
Aneuploidies were found in 77% of the overall analysis with a higher frequency of gains than losses (68% versus 32%). According to the criteria reported in Materials and Methods, four cases were aneuploid whereas three cases were triploid and one case exhibited the presence of both triploid and tetraploid cell populations. Looking at the relationship between the interphasic cytogenetic profiles and allelotypes of these tumors, the high-FAI PDEC group showed multiple aneusomies for all chromosomes, with a higher frequency of gains than losses (86% versus 14% of the total aneusomies observed). By contrast, the three cases with low-FAI values showed a significantly lower degree of numerical alterations than high-FAI tumors (P = 0.00012). Moreover, in the low-FAI group, the aneusomies were always represented by chromosome losses and no gains were observed (Fig. 2) . Intriguingly, in this second group of low-FAI tumors the concordance between FISH and allelotyping results at specific chromosomes was very good whereas, among the high-FAI PDECs, AI at specific autosomes did not necessarily correspond to numerical chromosome abnormality detected by FISH or vice versa.
Chromosomal Regions Commonly Involved in Poorly Differentiated Endocrine Carcinomas. Regardless of the primary site, PDECs invariably showed AI at the TP53 locus (17p13.2); this was the single most ubiquitous alteration observed in this study, being found in 31 of the 35 informative PDECs (89%). Moreover, all tumors exhibiting TP53 AI always showed the most significant allelic imbalance factors at this locus with respect to the remaining microsatellite markers investigated for that tumor.
The immunohistochemical analysis for p53 confirmed the AI results in 22 of the 31 cases (71%) in which both the analyses were done. In particular, an immunohistochemical protein accumulation was observed in 18 of 27 (67%) PDECs with TP53 AI and no immunoreactivity was observed for all four cases without AI at this locus. The remaining nine cases of 31 (29%) showed TP53 AI but no immunohistochemical p53 accumulation.
Furthermore, to enumerate the copy number of the p53 gene with respect to the ploidy level of chromosome 17, FISH experiments were carried out using a chromosome 17p13(p53)/ alpha-satellite 17 cocktail dual color -labeled probe in the same panel of eight PDECs reported in Fig. 2 . Scoring FISH signals for chromosome 17 and for the p53 gene, a loss of at least one copy of p53 was observed in all PDECs regardless of the ploidy and the genetic heterogeneity of chromosome 17 aneusomies. The percentage of cells with p53 loss in each tumor cell line relative to the ploidy level inferred with alpha-satellite for chromosome 17, the allelotype at the TP53 locus and the immunoreactivity for p53 are summarized in Fig. 3 . In detail, the presence of TP53 AI was observed in seven of the eight PDECs, with a complete signal reduction of one allele in six cases. This result is indicative of the success of the enrichment for neoplastic cellularity but also of the clonal fixation of this genetic alteration. Among these cases, FISH analysis showed that the percentage of cells with p53 loss increased with the ploidy level of chromosome 17. The only exception was case 3, that showed a complete allelic imbalance at the TP53 locus in the presence of a very low fraction of trisomic cells for chromosome 17 as well as a low percentage of p53 loss in the disomic cells of the autosome.
The only PDEC without TP53 AI (case 34) was a Merkel cell carcinoma exhibiting only a disomic cell line for chromosome 17 and a loss of p53 in 31.3% of these cells. This result underlines the technical limit of the allelotyping analysis in the detection of alterations affecting only a fraction of tumor cells before the clonal fixation.
On the whole, loss of p53 shown in all cases by AI and/ or FISH analyses was confirmed by immunohistochemistry as abnormal p53 accumulation in only 50% of these tumors (Fig. 3) .
Besides the widespread involvement of the TP53 locus in AI, at least two other chromosomal regions seemed to be involved in all PDECs, irrespective of the primary site and the clinicopathologic profile of the tumors. In particular, considering the chromosomal regions exhibiting an AI % higher than the mean AI % + 1SD calculated for the total series (65%), the chromosome arms 18q and 10q stood out among the other chromosome regions (72 and 68 AI % respectively).
Site-Specific Genetic Alterations and Molecular Markers Assisting in the Diagnosis of Lung Poorly Differentiated Endocrine Carcinomas. Despite the presence of the common genetic alterations reported above, some differences in allelotypes were observed in relation to the primary site of the tumors. In particular, considering the three most represented sites in this study, lung PDECs invariably showed AI on chromosomes 3p, 5, and 11q13, gastric PDECs were notable for the recurrent involvement of chromosomes 7 and 11q22 and colorectal PDECs for frequent AI at chromosomes 5q21, 8p, and 18q. According to these results, we observed that the concurrent detection of AI at chromosome region 3p14-p26 and at chromosome 5 may aid the diagnosis of primary PDECs of the lung with a sensitivity of 100%, Fig. 1 Allelotypes of PDECs. Abbreviations: ES, Esophagus; P, Pancreas; G, Gallbladder; Pros, Prostate; E, Endometrium; P*, Parotid gland. Gray Box, AI; White box, allelic retention; À, no informative loci in the chromosomal region; na, not available results. In line 17p13.2, cases with presence ( ) or absence ( ) of p53 immunoreactive cells. Cases with not available results for p53 IIC ( ). The AI columns indicate the percentage of AI for each chromosome regions, calculated by dividing the number of tumors that showed AI by the total number of informative cases for that particular region, among lung, gastric, colorectal PDECs, or the total series. For each tumor, the FAI was calculated by the number of chromosome regions having AI divided by the total number of informative chromosome regions. The mean FAI F 1SD and the mean AI% F 1SD were calculated for the lung, gastric, and colorectal PDECs and for the total series. The values of AI higher than the mean AI% + 1SD (86% lung, 81% stomach, 60% colon-rectum, and 65% total series) were indicated in bold. Furthermore, the AI status at three chromosome regions was related to patient outcome. In particular, significantly better outcome was observed in patients with PDECs exhibiting (a) the presence of AI at chromosome 8q or (b) the absence of AI at chromosome 6p or (c) the absence of AI at chromosome region 6q25 (Fig. 4) .
DISCUSSION
In the present study, we compared the allelotypes of 36 PDECs of different sites, including the lung, the esophagus, parotid gland, stomach, pancreas, gallbladder, colon-rectum, bladder, prostate, endometrium, and skin. Given the rarity of these tumors, this panel of extrapulmonary PDECs, the morphofunctional profiles of which were carefully reviewed according to WHO criteria (1, 2), represents the largest series thus far examined by molecular approaches.
The allelotyping analysis covering 11 autosomes with 57 fluorescent microsatellite markers showed that, regardless of the primary site, 31 of 36 (86%) PDECs exhibit very complex allelotypes with allelic imbalance involving extensive chromosome regions or entire chromosomes. These data strongly suggest an abnormal chromosomal content with multiple aneuploidies and/or chromosome rearrangements. Molecular findings about extrapulmonary PDECs are very scanty and fragmentary (9, 12 -14, 27, 28) ; however, our results are largely consistent with the wealth of cytogenetic and molecular data showing very complex karyotypes in lung PDECs (16, 17) . Although high FAI values were generally observed in our series, some heterogeneity among the different sites was noted. In particular, we found significantly higher mean FAI among PDECs of the lung, esophagus, stomach, pancreas, parotid gland, and prostate compared with PDECs of the colon and rectum, gallbladder, bladder, endometrium, and skin (Fig. 1) . Intriguingly, the lowest FAI values were detected in five cases for which an overall longer survival was observed. In particular, these cases included two Merkel cell carcinomas known from the literature to be less aggressive PDECs (29) .
These data suggest that, also among PDECs known to be a fatal disease, the percentage of chromosomal abnormalities as well as the ploidy status could be used as markers of potential prognostic value, as reported for other tumors (30 -32) . In this connection, some authors have very recently suggested that significant differences in survival may exist among patients with PDECs. In particular, Jones et al. used a cDNA microarray expression analysis to divide a panel of 38 lung PDECs into two prognostically significant subtypes (33) . Other investigators showed that the immunohistochemical expression of cytokeratin 20 can be used to classify PDECs of the parotid gland into Merkel cell and pulmonary types and this classification may have prognostic significance (33, 34) .
Interphasic FISH with centromeric probes added important information about the abnormal chromosomal content shown by the allelotyping analysis of the PDECs in this study. This analysis has proven to be extremely useful in distinguishing a state of aneuploidy (an abnormal chromosomal content reflected in allelic imbalance at the molecular level), from a condition of chromosomal instability (an accelerated rate of gains or losses of whole or large portions of chromosomes; ref. 35) . Although the FISH approach does not directly measure an increased rate of aberrations, the chromosomal heterogeneity detectable by this analysis may serve as a good indicator of CIN (36) . On the other hand, an allelotyping analysis, like all techniques that pool DNA, cannot provide information about CIN. In the present work, a high grade of chromosomal heterogeneity suggestive of a CIN phenotype was observed in all the high-FAI PDECs. In contrast, the panel of three cases with low FAI allelotypes showed aneuploidies in the absence of a CIN phenotype. Intriguingly, the aneusomies observed in these PDECs were always represented by chromosome losses, whereas chromosome gains were consistently detected in the five CIN PDECs. These findings are in broad agreement with the extensive cytogenetic and molecular data showing that the loss of a specific chromosome represents one step in the inactivation of a tumor suppressor gene residing on the lost chromosome and that this genetic event frequently marks an early phase of carcinogenesis (37) .
Careful observation of the cytogenetic and molecular profiles of these eight PDECs highlighted the noteworthy finding that p53 loss is the only genetic alteration of both PDECs with minimal cytogenetic/molecular anomalies and CIN PDECs (Figs.  1-3) . Therefore, the second important result of our work is the demonstration of a very early involvement of p53 in the pathogenesis of PDECs. Although it is not clear if the inactivation of p53 is causally related to the acquisition of aneuploidies and/or CIN in these tumors, our data strongly support an early and clonal selection of p53 alterations during the progression of these tumors. This conclusion is sustained by at least five different observations: (a) the allelotyping analysis showed that TP53 AI is a widespread alteration in PDECs regardless of the stage or the primary site of the tumor; (b) a complete signal reduction of one allele was observed in almost all PDECs, suggesting the clonal fixation of this alteration in the whole tumor population; (c) the most significant AI factor was invariably observed at the TP53 locus rather than the other loci, suggesting the early involvement of the 17p13 region in the pathogenesis of PDECs; (d) in low FAI PDECs, FISH analysis clearly showed loss of the p53 gene and/ or loss of chromosome 17 affecting a subpopulation of the tumor cells before the clonal fixation (case 34 in Fig. 3 ) or involving such a large proportion of cancer cells as to be detected as a clonal event by the allelotyping analysis (cases 35 and 13 in Fig. 3) ; (e) in three high FAI cases (10, 18, and 5 in Fig. 3 ) FISH analysis showed a concurrent increase in the cell fractions exhibiting p53 loss with the ploidy of chromosome 17. Intriguingly, case 3 showed a complete allelic imbalance at the TP53 locus in the presence of a very low fraction of triploid cells for chromosome 17 as well as a low percentage of p53 loss in the disomic cells of the autosome. These results strongly indicate a reduplication event for chromosome 17 (i.e., the loss of chromosome 17 followed by a duplication of the remaining autosome), leaving in a cell a normal chromosome copy number, detectable by FISH analysis, even when AI is present.
Such reduplication might be necessary to protect the cell from death due to haploinsufficiency (38, 39) . Despite these countermeasures through dosage compensation, loss of expression of the p53 protein might be a frequent event in PDECs, as we observed a high percentage of PDECs (29%) showing TP53 AI but no abnormal immunohistochemical accumulation of the protein.
Overall these results confirm that the concurrence of p53 inactivation and aneuploidies or CIN are the main features of PDECs. Although this association has been frequently observed in solid tumors leading to the hypothesis that p53 may actively repress CIN (40, 41) , several investigators have recently shown that abrogation of p53 function is not a prerequisite for CIN in diploid human cell lines. Thus, other mechanisms may directly cause chromosome missegregation including centrosomal abnormalities (42 -44), inappropriate chromosome condensation or cohesion, deregulated mitotic progression, an impairment of the spindle-assembly checkpoint, cytokinesis malfunction, endoreduplication, or cell fusion (45 -48) .
In agreement with this hypothesis, Wistuba et al. recently showed that the microdissected epithelial cells of histologically normal bronchial mucosa accompanying small cell lung cancers exhibit extensive genetic damage even in the absence of p53 inactivation (49) . The authors suggest that in small cell lung cancer, in which no characteristic preneoplastic sequence of morphologic changes has been described, the tumors may arise quickly and directly from either normal or hyperplastic epithelia. In this scenario, it is plausible to think that a number of cellular stresses, such as cell crowding, hypoxia, acidity, or inflammation, may induce a strong selection pressure specifically against the apoptotic function of p53. Indeed, hypoxia is the main physiologic inducer of p53 and it is likely that cells lacking p53 may have a selective advantage in such an environment (50, 51) . Hypoxia is surely a common event in PDECs of all sites, as indicated by the multiple necrotic regions commonly found in these tumors, and it probably plays an essential role both in mediating the strong selection of cellular clones with p53 loss and in determining the invasive and metastatic potential that marks these tumors (52 -55) .
This model could explain additional findings obtained in our work, concerning the distinct genetic alterations observed in PDECs in relation to the primary sites. In this connection, our study showed that despite the similarity in histologic appearance, PDECs display molecular anomalies known to be crucial in the pathogenesis of the exocrine tumors of the same sites. In particular, we observed recurrent allelic imbalances on 3p, 5, and 11q13 in lung PDECs, on 5q21, 8p, and 18q in colorectal PDECs and on 7 and 11q22 in gastric PDECs. Because of the wellknown involvement of these chromosome regions in the exocrine tumorigenesis of each site (17, 21, 22, 56) , our work strongly supports the hypothesis that PDECs and exocrine carcinomas of all sites may share both their histogenesis and early pathogenetic mechanisms. This model may explain the existence of rare pulmonary and extrapulmonary mixed exocrine/endocrine tumors where an adenomatous and/or carcinomatous component is associated with a PDEC. In these mixed tumors, a close genetic relationship between the endocrine and the exocrine components has been shown, supporting the hypothesis of a common pathogenetic mechanism between PDECs and carcinomas of the same site (9 -11) .
An additional finding of this work concerns the identification of molecular markers of potential diagnostic and prognostic values for PDECs of different sites. In particular, we suggested the diagnostic relevance of the concurrent detection of AI at chromosome region 3p14-p26 and at chromosome 5 in assisting in the diagnosis of primary PDEC of the lung. Moreover, we showed the prognostic relevance of the AI status at chromosome regions 8q, 6p, and 6q25 in predicting the survival of these patients. Further studies that include greater number of these neoplasms would be helpful in defining the reliability of the molecular markers identified in this work.
